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)LIW\�<HDUV�$JR���)LIW\�<HDUV�$JR���

1949 Ford Custom
Tudor Sedan

239 CID Flathead V-8
3-speed M/T

“Magic Aire” Heater

10(?) mpg
4 gpm NOx
8 gpm HC



7KH�)HGHUDO�5ROH�LQ�(IILFLHQF\�	7KH�)HGHUDO�5ROH�LQ�(IILFLHQF\�	

(PLVVLRQV(PLVVLRQV



'HILQLQJ�³(IILFLHQW´�'HILQLQJ�³(IILFLHQW´�

■■ ���PSJ���PSJ

■■ 0HHWV�7LHU���HPLVVLRQV�VWDQGDUGV0HHWV�7LHU���HPLVVLRQV�VWDQGDUGV

■■ 0HHWV�DOO�)HGHUDO�VDIHW\�VWDQGDUGV0HHWV�DOO�)HGHUDO�VDIHW\�VWDQGDUGV

■■ 6L]H��SHUIRUPDQFH��FRVW�RI�RZQHUVKLS6L]H��SHUIRUPDQFH��FRVW�RI�RZQHUVKLS

FRPSDUDEOH�WR�WRGD\¶V�PLGVL]H�IDPLO\FRPSDUDEOH�WR�WRGD\¶V�PLGVL]H�IDPLO\

VHGDQVVHGDQV

■■ ,PSOLHV�OHDSIURJ�WHFKQRORJ\��HQJLQH�,PSOLHV�OHDSIURJ�WHFKQRORJ\��HQJLQH�

GULYHWUDLQGULYHWUDLQ��



'HILQLQJ�³&OHDQ´��7LHU��'HILQLQJ�³&OHDQ´��7LHU��

■■ (VWDEOLVKHV���FHUWLILFDWLRQ�HPLVVLRQ�ELQV(VWDEOLVKHV���FHUWLILFDWLRQ�HPLVVLRQ�ELQV

DSSOLFDEOH�WR�DOO�OLJKW�GXW\�YHKLFOHVDSSOLFDEOH�WR�DOO�OLJKW�GXW\�YHKLFOHV

■■ (VWDEOLVKHV�LQWHULP�	�ILQDO�PDQXIDFWXUHU(VWDEOLVKHV�LQWHULP�	�ILQDO�PDQXIDFWXUHU

IOHHW�DYHUDJHIOHHW�DYHUDJH�12[�12[�VWDQGDUGV�VWDQGDUGV

■■ +HDYLHU�OLJKW�WUXFNV�JHW�ORQJHU��EXW�«+HDYLHU�OLJKW�WUXFNV�JHW�ORQJHU��EXW�«

■■ «E\�������HOLPLQDWHV�H[SOLFLWO\�GLIIHUHQW«E\�������HOLPLQDWHV�H[SOLFLWO\�GLIIHUHQW

VWDQGDUGV�IRU�FDU�	�OLJKW�WUXFNVWDQGDUGV�IRU�FDU�	�OLJKW�WUXFN

FDWHJRULHVFDWHJRULHV



3KDVH�,Q�RI�WKH�3URSRVHG3KDVH�,Q�RI�WKH�3URSRVHG

7LHU��7LHU���12[�12[�)OHHW�$YHUDJHV�)OHHW�$YHUDJHV
Tier 2 Interim
Tier 2 Final
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Cars, Trucks < 6000 lb GVWR

Tier 2 Balance
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Light Trucks > 6000 lb GVWR

Tier 2
Final

0.07 gpm



3URSRVHG�7LHU���3URSRVHG�7LHU���

0D[LPXP0D[LPXP�12[�12[�/HYHOV�/HYHOV
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0RGHO�<HDU

Light Trucks > 6000 lb GVWR
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0RGHO�<HDU

Cars, Trucks < 6000 lb GVWR

Tier 2 Interim
Tier 2 Final



3URSRVHG�7LHU���3URSRVHG�7LHU���

0D[LPXP�30�/HYHOV0D[LPXP�30�/HYHOV
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0RGHO�<HDU

Light Trucks > 6000 lb GVWRCars, Trucks < 6000 lb GVWR

Tier 2 Interim
Tier 2 Final



8OWLPDWHO\�)XWXUH�(QJLQH�'HVLJQV8OWLPDWHO\�)XWXUH�(QJLQH�'HVLJQV

6KRXOG�+HOS�9HKLFOHV�'HOLYHU���6KRXOG�+HOS�9HKLFOHV�'HOLYHU���



(QJLQH�(TXLYDOHQW�6WULQJHQF\�WR(QJLQH�(TXLYDOHQW�6WULQJHQF\�WR

7LHU��7LHU��

7LHU��
12[
J�PL

(QJLQH
12[

J�EKS�KU

7LHU��
30
J�PL

(QJLQH
30

J�EKS�KU

7\SLFDO
&DU ��� �� ��� ���

/DUJH
689 ��� �� ��� ����



+'�(QJLQH�*RDOV+'�(QJLQH�*RDOV

<HDU (QJLQH�12[
�J�EKS�KU

(QJLQH�30
J�EKS�KU

����������� ��� �����������

���������� ��� �����������



5HVHDUFK�)RFXV���$FKLHYLQJ5HVHDUFK�)RFXV���$FKLHYLQJ

,QWHJUDWHG�6ROXWLRQV���,QWHJUDWHG�6ROXWLRQV���

Combustion System

FuelAftertreatment

High
Efficiency

Low
Emissions



&RQYHQWLRQDO�6,�ZLWK�3UHPL[HG�&KDUJH��&RQYHQWLRQDO�6,�ZLWK�3UHPL[HG�&KDUJH��

*DVROLQH� �/RZ�(PLVVLRQV��*DVROLQH� �/RZ�(PLVVLRQV��EXW�,QHIILFLHQWEXW�,QHIILFLHQW

■■ +RPRJHQHRXV+RPRJHQHRXV

FKDUJH��LQKHUHQWO\FKDUJH��LQKHUHQWO\

ORZ�30ORZ�30

Stoich SI with
Premixed Charge

GasolineTWC
EGR

Low
Efficiency

Low
Emissions

■■ +LJK�SHDN�WHPS� +LJK�SHDN�WHPS� 

KLJKKLJK�12[�12[��EXW��EXW�VWRLFK�VWRLFK

RSHUDWLRQ�DOORZVRSHUDWLRQ�DOORZV

7:&7:&

■■ 7KURWWOLQJ�DQG�ORZ7KURWWOLQJ�DQG�ORZ

FRPSUHVVLRQ�UDWLRVFRPSUHVVLRQ�UDWLRV

UHGXFH�HIILFLHQF\UHGXFH�HIILFLHQF\



&RQYHQWLRQDO�&,�'LUHFW�,QMHFWLRQ���'LHVHO&RQYHQWLRQDO�&,�'LUHFW�,QMHFWLRQ���'LHVHO

)XHO� �(IILFLHQW�EXW�KDV�)XHO� �(IILFLHQW�EXW�KDV�+LJK�(PLVVLRQV+LJK�(PLVVLRQV

■■ +LJK�FRPSUHVVLRQ�	+LJK�FRPSUHVVLRQ�	

XQWKURWWOHGXQWKURWWOHG� �KLJK� �KLJK

HIILFLHQF\«HIILFLHQF\«

Diesel
Fuel

EGR

High
Efficiency

High
Emissions

CIDI

■■ «%XW�VWUDWLILHG�FKDUJH«%XW�VWUDWLILHG�FKDUJH

 �KLJK�30 �KLJK�30

■■ +LJK�SHDN�FRPEXVWLRQ+LJK�SHDN�FRPEXVWLRQ

WHPSHUDWXUHV� �KLJKWHPSHUDWXUHV� �KLJK

12[12[��OHDQ�RSHUDWLRQ��OHDQ�RSHUDWLRQ

SUHYHQWV�XVH�RI�7:&SUHYHQWV�XVH�RI�7:&



$OWHUQDWLYH�)XHO�5HVHDUFK�(QJLQHV�$OUHDG\$OWHUQDWLYH�)XHO�5HVHDUFK�(QJLQHV�$OUHDG\

&OHDU�³+LJK�%DU´�(IILFLHQFLHV���&OHDU�³+LJK�%DU´�(IILFLHQFLHV���

■■ 5HQHZDEOH�DOFRKRO5HQHZDEOH�DOFRKRO

UHVHDUFK�HQJLQHUHVHDUFK�HQJLQH

■■ 7ZR�GLIIHUHQW7ZR�GLIIHUHQW

FRPEXVWLRQFRPEXVWLRQ

FRQFHSWVFRQFHSWV

■■ (IILFLHQFLHV�H[FHHG(IILFLHQFLHV�H[FHHG

VWDWH�RI�WKH�DUWVWDWH�RI�WKH�DUW

GLHVHOGLHVHO
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«:KLOH�([KLELWLQJ�/RZ�(QJLQH�2XW«:KLOH�([KLELWLQJ�/RZ�(QJLQH�2XW�12[�12[
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$SSURDFK�(PSOR\V�ODWH�',�ZLWK$SSURDFK�(PSOR\V�ODWH�',�ZLWK

6WRLFKLRPHWU\6WRLFKLRPHWU\��RQ�0HWKDQRO��RQ�0HWKDQRO

■■ 3UHGLFWHG�DGYDQWDJH3UHGLFWHG�DGYDQWDJH

IRU�IXHOV�ZLWK�QR�RUIRU�IXHOV�ZLWK�QR�RU

RQH�FDUERQ�ERQG«RQH�FDUERQ�ERQG«

MeOHTWC
EGR

High
Efficiency

Low
Emissions

Late DI, 
Stoich

■■ ,PSOLHV�DGGLWLRQDO,PSOLHV�DGGLWLRQDO

IRFXV���VLPLODUIRFXV���VLPLODU

FRQFHSW�RQFRQFHSW�RQ�(W2+�(W2+��

'0('0(

■■ 5DLVHV�IXHO5DLVHV�IXHO

LQIUDVWUXFWXUH�LVVXHVLQIUDVWUXFWXUH�LVVXHV
EtOH?
DME?



5HVHDUFK�2SSRUWXQLW\�5HVHDUFK�2SSRUWXQLW\�

*DVROLQH�'LHVHO�/LNH�)XHOV�DW*DVROLQH�'LHVHO�/LNH�)XHOV�DW�6WRLFK�6WRLFK

■■ ,I�HIILFLHQF\�LV,I�HIILFLHQF\�LV

REWDLQHG�WKURXJK�KLJKREWDLQHG�WKURXJK�KLJK

FRPSUHVVLRQ��KLJKFRPSUHVVLRQ��KLJK

H[SDQVLRQ��H[SDQVLRQ��

XQWKURWWOHGXQWKURWWOHG������

TWC

?
Emissions

High
Efficiency

?High compression
High expansion
Unthrottled 
Stoich

■■ +RZ�FDQ�WKH�HQJLQH+RZ�FDQ�WKH�HQJLQH

EH�RSHUDWHG�DWEH�RSHUDWHG�DW�VWRLFK�VWRLFK��

VR�DV�WR�DOORZ�7:&"VR�DV�WR�DOORZ�7:&"
Gasoline-like

Diesel-like
EGR



?
?

5HVHDUFK�2SSRUWXQLW\���/HDQ�%XUQ5HVHDUFK�2SSRUWXQLW\���/HDQ�%XUQ

RQ�*DVROLQH�'LHVHO�/LNH�)XHOVRQ�*DVROLQH�'LHVHO�/LNH�)XHOV

■■ ,I�HQJLQH�LV�RSHUDWHG,I�HQJLQH�LV�RSHUDWHG

ZLWK�OHDQ�EXUQ���ZLWK�OHDQ�EXUQ���

Gasoline-like?
Diesel-like?

High
Efficiency

?
Emissions

Lean Burn

■■ 1HHG�PRUH�UHVHDUFK1HHG�PRUH�UHVHDUFK

RQRQ�12[�DGVRUEHUV�12[�DGVRUEHUV��

SODVPD�FDWV��30�WUDSVSODVPD�FDWV��30�WUDSV

■■ ,QFOXGHV�LVVXH�RI,QFOXGHV�LVVXH�RI

DFKLHYLQJDFKLHYLQJ�LQWHUPLWWDQW�LQWHUPLWWDQW

ULFK�RSHUDWLRQ�WRULFK�RSHUDWLRQ�WR

SXUJHSXUJH�DGVRUEHU�DGVRUEHU



1HZ�)XHOV�(QDEOH�$GYDQFHG1HZ�)XHOV�(QDEOH�$GYDQFHG

$IWHUWUHDWPHQW$IWHUWUHDWPHQW

■■ /RZ�VXOIXU/RZ�VXOIXU

■■ 6RPHZKDW�GHSHQGHQW�RQ�FRPEXVWLRQ6RPHZKDW�GHSHQGHQW�RQ�FRPEXVWLRQ

DSSURDFKHV�QRW�\HW�GHPRQVWUDWHGDSSURDFKHV�QRW�\HW�GHPRQVWUDWHG

■■ 12[12[�30�WUDSV��6&5��SODVPD�FDWV�30�WUDSV��6&5��SODVPD�FDWV

■■ ,I�VHSDUDWH�VHJUHJDWHG�IXHO�UHTXLUHG�,I�VHSDUDWH�VHJUHJDWHG�IXHO�UHTXLUHG�

VKRXOG�ZH�UDPS�XS�DOW�IXHO�IRFXVVKRXOG�ZH�UDPS�XS�DOW�IXHO�IRFXV

QRZ"QRZ"



)XWXUH�3URVSHFWV�IRU�(YHQ)XWXUH�3URVSHFWV�IRU�(YHQ

+LJKHU�(IILFLHQF\+LJKHU�(IILFLHQF\

■■ /RZHU�KHDW�UHMHFWLRQ/RZHU�KHDW�UHMHFWLRQ

■■ &RVW�HIIHFWLYH�ERWWRPLQJ�F\FOHV&RVW�HIIHFWLYH�ERWWRPLQJ�F\FOHV

±± HVSHFLDOO\�LQ�K\EULG�DSSOLFDWLRQVHVSHFLDOO\�LQ�K\EULG�DSSOLFDWLRQV

±± IRFXV�RQ�SDUDOOHO�K\EULG�Z�IRFXV�RQ�SDUDOOHO�K\EULG�Z�

ORDG�OHYHOHG�HQJLQH�RSHUDWLQJORDG�OHYHOHG�HQJLQH�RSHUDWLQJ

LQ�KLJK�ORDG��KLJK�HIILFLHQF\�LQ�KLJK�ORDG��KLJK�HIILFLHQF\�

UHJLPHUHJLPH



7ZHQW\�<HDUV�IURP�1RZ���7ZHQW\�<HDUV�IURP�1RZ���

2019 Dream
Sedan

37 CID Fuel Converter
“Magic Aire” Exhaust
Continuously Smooth

Transmission
All-Wheel Regenerative

Braking

xxx mpg
.00y gpm NOx

.00z PM


